Synthesis
Materials and Reagents. Benzothiazol-2(3H)-one, 1-bromo-3-chloropropane, ethanethiol, hexamethylenetetramine, trifluoroacetic acid, and 4-acetylbenzonitrile were purchased from SigmaAldrich; 3-fluorophenylhydrazine hydrochloride, 2,5-difluorophenylhydrazine, and 2,3,5,6-tetrafluorophenylhydrazine, and pentafluorophenylhydrazine were purchased from Oakwood Products (West Columbia, SC); 2,3,5-trifluorophenylhydrazine 1 , 4-cinnamoylbenzonitrile 2 and 1-chloro-3-(ethylthio)propane 3 were synthesized as described in the literature. NMR: δ in ppm vs SiMe 4 Cl(CH 2 ) 3 SEt MeOH Scheme S1: Reaction sequence and intermediates for the synthesis of pyrazoline derivatives 2a-e.
3-(3-(Ethylthio)propyl)-2(3H)-benzothiazolone (5).
A solution of benzothiazol-2(3H)-one (1.0 g, 6.61 mmol), 1-chloro-3-(ethylthio)-propane 3 (1.09 g, 7.93 mmol), and anhydrous K 2 CO 3 (2.74 g) in anhydrous dimethylformamide (6 mL) was stirred at 80°C for 8 hours. After cooling to room temperature the reaction mixture was diluted with water (50 mL) and extracted with tertbutylmethyl ether. The combined organic layers were dried with anhydrous MgSO 4 , and evaporated under reduced pressure. The residue was purified on silica gel (10:1 hexanes/EtOAc) to afford 1.30 g (5.13 mmol, 77% yield) of benzothiazolone 5 as colorless oil.
1 H NMR (CDCl 3 , 400 MHz) δ 1.26 (t, J = 7.3 Hz, 3H), 2.03 (p, J = 7.3 Hz, 2H), 2.56 (q, J = 7.3 Hz, 2H), 2.61 (t, J = 7.3 Hz, 2H), 4.07 (t, J = 7.3 Hz, 2H), 7.14 (d, J = 8.0 Hz, 1H), 7.16 (td, J = 7.6, 1.1 Hz, 1H), 7.33 (td, J = 7.8, 1.3 Hz, 1H), 7.43 (ddd, J = 7.8, 1.3, 0.5 Hz, 1H). 13 
3-(3-(Ethylthio)propyl)-2(3H)-benzothiazolone-6-carboxaldehyde (6).
A solution of benzothiazolone 5 (208 mg, 0.82 mmol) and hexamethylenetetramine (233 mg, 1.66 mmol) in TFA (3 mL) was stirred in a sealed tube at 80°C for 45 hours. The reaction mixture was concentrated under reduced pressure and diluted with ice-cold water (20 mL). After stirring for 30 minutes, the solution was neutralized with Na 2 CO 3 and extracted with CH 2 Cl 2 (3 x 15 mL). The combined organic layers were dried (MgSO 4 ), concentrated under reduced pressure, and the residue was purified on silica gel, affording 200 mg (0.71 mmol, 87% yield) of aldehyde 6 as yellow oil.
1 H NMR (CDCl 3 , 400 MHz) δ 1.27 (t, J = 7.4 Hz, 3H), 2.05 (p, J = 6.9 Hz, 2H), 2.57 (q, J = 7.4 Hz, 2H), 2.62 (t, J = 7.0 Hz, 2H), 4 
4-(3-(Ethylthio)propylamino)-3-(3-(ethylthio)propylthio)benzaldehyde (7).
To a solution of 6 (175 mg, 0.62 mmol) in DMSO (2 mL) was added 20% aq. NaOH (0.5 mL) and the resulting mixture was stirred at 80 °C under nitrogen atmosphere until completion of hydrolysis (75 min). Then a solution of 1-chloro-3-(ethylthio)propane 3 (172 mg, 1.24 mmol) in DMSO (0.5 mL) was added and the reaction mixture was stirred for an additional 80 min. After cooling to room temperature, the reaction mixture was diluted with water and extracted with dichloromethane. The combined organic phases were dried (Na 2 SO 4 ) and concentrated under reduced pressure. The crude product was purified by flash chromatography (silica gel, gradient 9/1 -> 7/3 hexane/EtOAc) to afford 54 mg of 7 as a colorless oil (0.15 mmol, 24%).
1 H NMR (CDCl 3 , 400 MHz) δ 1.23 (t, J = 7.4 Hz, 3H), 1.27 (t, J = 7.4 Hz, 3H), 1.82 (p, J = 7.1 Hz, 2H), 1.98 (p, J = 6.9 Hz, 2H), 2.49 (q, J = 7.4 Hz, 2H), 2.57 (q, J = 7.4 Hz, 2H), 2.62 (t, J = 7.0 Hz, 2H), 2.65 (t, J = 7.0 Hz, 2H), 2.82 (t, J = 7.2 Hz, 2H), 3.40 (q, J = 6.8 Hz, 2H), 5.89 (t, J = 5.6 Hz, 1H), 6 
(E)-4-(3-(4-(3-(Ethylthio)propylamino)-3-(3-(ethylthio)propylthio)phenyl)acryloyl)-benzonitrile (8).
Aldehyde 7 (108 mg, 0.3 mmol) was dissolved in dichloromethane (1 mL) and a solution of 4-acetylbenzonitrile (50 mg, 0.34 mmol) and pyrrolidine (150 µL, 1.8 mmol) in methanol (14 mL) was added. After stirring at room temperature for 6 hours, the reaction mixture was concentrated to half of its volume. The mixture was diluted with water (20 mL) and extracted with EtOAc (3 x 15 mL). The combined fractions were dried (Na 2 SO 4 ) and concentrated under reduced pressure. The resulting residue was purified on silica gel (gradient CH 2 Cl 2 /EtOAc 1500:1 -> 100:1) to give 64 mg (43% yield) of chalcone 8 as orange oil.
1 H NMR (CDCl 3 , 400 MHz) δ 1.24 (t, J = 7.4 Hz, 3H), 1.28 (t, J = 7.4 Hz, 3H), 1.84 (p, J = 7.1 Hz, 2H), 1.98 (p, J = 6.9 Hz, 2H), 2.50 (q, J = 7. Synthesis of racemic 1,3,5-triarylpyrazolines 2a-e from chalcone 8 and polyfluorophenylhydrazines (General method). A mixture of the chalcone 8 (60 µmol), anhydrous K 2 CO 3 (77 µmol), and the corresponding fluoro-substituted phenylhydrazine hydrochloride salt (1.3 molar equiv) in ethanol (750 µl) was stirred at 90°C for 3 hours. The reaction mixture was diluted with ice-cold water (10 mL) and the product extracted with EtOAc (3 x 5 mL). The combined organic extracts were dried (MgSO 4 ), and concentrated under reduced pressure. The crude product was purified by flash chromatography and analytical purity was verified by reversed-phase HPLC (Varian ProStar system with UV detector, acetonitrile-water, gradient 20% -> 2% water). -1-(2,3,5-trifluorophenyl)-4,5-dihydro-1H-pyrazol-3-yl) 
(±)-4-(5-(4-(3-(Ethylthio)propylamino)-3-(3-(ethylthio)propylthio)phenyl)-1-(2,3,5-trifluorophenyl)-4,5-dihydro-1H-pyrazol-3-yl)benzonitrile (2c

N-(3-(Ethylthio)propyl)-2-((3-ethylthio)propy)thio)aniline (9).
A mixture of 5 (1.15 g, 4.54 mmol), NaOH (760 mg) in 30 mL DMSO-H 2 O (2:1) was heated under an argon atmosphere for 4 hours at 90°C. A solution of 1-chloro-3-(ethylthio)-propane 3 in DMSO (2 mL) was added, and the mixture was stirred at 90°C for an additional 2.5 hours. After cooling to room temperature, the reaction mixture was diluted with ice cold NaHPO 4 (0.1 M, 50 mL), and extracted with tertbutylmethyl ether (3 x 50 mL). The combined organic extracts were dried (MgSO 4 ), and concentrated under reduced pressure. The residual oil was purified on silica (hexanes-tertbutylmethyl ether 40:1) to give 1.08 g (72% yield) of ligand 9 as colorless oil. 
Copper(I) N-(3-(ethylthio)propyl)-2-((3-ethylthio)propy)thio)aniline hexafluorophosphate ([Cu(I)-9]PF 6 ).
To a solution of ligand 9 (200 mg, 0.607 mmol) in dichloromethane (5 mL) was added [Cu(I)(CH 3 CN) 4 ]PF 6 (226 mg, 0.607 mmol). The mixture was stirred at room temperature for 15 min, filtered, and diluted with 10 mL isopropanol. Upon concentration of the clear solution under reduced pressure, the copper complex started to crystallize. The product was filtered off, washed with isopropanol and hexane, and dried in vacuo to give 272 mg (0.50 mmol, 83% yield) of ([Cu-9]PF 6 ) as colorless needles. A sample was recrystallized from methanol to afford colorless needles suitable for x-ray diffraction structural analysis. 
Photophysical Model Approximations a) Photoinduced electron transfer driving force
The free energy change ΔG et of the PET process was estimated based on the Rehm-Weller formalism (S1) 4 using the experimental ground state donor and acceptor potentials, E(D + /D) and E(A/A -), respectively, and the excited state energy ΔE00,
The term w p corresponds to the Coulombic stabilization energy of the radical ion pair intermediate formed in the course of the PET reaction. According to earlier studies, the ion pair stabilization energy of structurally closely related derivatives was estimated to be w p = -0.045 eV.
2
Because the acceptor potential of the pyrazoline derivatives 2a-e reside outside the accessible potential window of methanol, we utilized acetonitrile as a substitute. To estimate the solvation energy difference ΔG solv for this change, we utilized the Born equation (S2) for a spherical charge,
where r D and r A are the ionic radii of the donor and acceptor portion of the radical ion pair and ε MeCN and ε MeOH are the vacuum permittivities of the two solvents. 5 With an average D-A distance of 8.6 Å and permittivities of 35.94 and 32.66 for acetonitrile and methanol, respectively, we obtained ΔG solv = 0.0094 eV. The experimental donor and acceptor potential as well as the PET driving force -ΔG et estimated according to equations S1 and S2 are compiled in Table S1 . The fluorescence enhancement factor upon binding of the metal ion can be expressed as a function of the two electron transfer rate constants for the free (k et ) and bound form (k et ')
where ! f ' and Φ f refer to the quantum yield of the bound and free probe, respectively, and k 0 is the excited state deactivation rate constant (= the inverse of the fluorescence lifetime τ f ). According to semi-classical Marcus theory, the rate constant for the electron transfer reaction of the free probe can be approximated by
where k et refers to the rate constant of the electron transfer reaction at temperature T with driving force -ΔG et , reorganization energy λ, and electronic coupling H DA . 6, 7 Assuming that the change in the ET rate upon binding of the analyte is predominantly caused by an increase in the donor potential ΔE(D + /D), thus neglecting differences in the reorganization energy λ and electronic coupling H DA , k et ' can be approximated as
Combining equations S3-S5 and solving for ΔE(D + /D) yields equation (S6) which was used for the contour plot shown in Figure 6A in main text: Based on equations S3-5, the fluorescence enhancement factor can be expressed as a function of the electron transfer driving force and difference in donor potential:
The plot in Figure 6B (solid trace) was obtained using equation ( , and T = 298 K.
d) Fluorescence quantum yield recovery upon metal-binding as a function of electron transfer driving force -ΔG et at a fixed donor potential ΔE(D
+ /D):
The fluorescence quantum yield ! f ' of the metal-bound fluorophore can be expressed as a function of the excited state deactivation rate k 0 , the quantum yield ! f 0 of the unquenched fluorophore, and the electron transfer rate k et ':
Substituting k et ' with the expression in equation (S5) yields
The plot in Figure 6B (dotted trace) was obtained using equation ( In the presence of 0.5 molar equiv Cu(I) ions, the protons of ligand 9 encounter two distinct chemical environments A and B corresponding to the uncomplexed and Cu(I)-bound form, respectively. The two-site exchange equilibrium can be described by
where k a and k b refer to the pseudo first order rate constant of the forward and reverse exchange process, respectively. At equilibrium, the forward and reverse rates are identical, therefore we can write:
To extract chemically meaningful rate constants from the observed 1 H NMR exchange rates, we may considered two main exchange pathways corresponding to an associative (equation S12) and dissociative (equation S13) mechanism, respectively:
The observed exchange rate constants k a and k b are related to the microscopic rate constants according to equations S14 -S16:
If complex formation is quantitative (K > 10 4 M -1 ) and the ratio of complexed and free ligand is unity, we obtain: Hence, the bimolecular exchange rate constant k 1 corresponds to the slope of a linear regression analysis of the observed exchange rate constants (k a + k b ) vs [L] total . Because at millimolar ligand concentration k 1 [L] total >> 2k -2 , equation S17 can be reduced to
(S18) Largest diff. peak and hole 1.330 and -1.123 e.Å -3 Table S4 : Atomic coordinates (x 10 4 ) and equivalent isotropic displacement parameters (Å 2 x 10 3 ). U(eq) is defined as one third of the trace of the orthogonalized U ij tensor.
Atom Label x y z U(eq) C(1) 486 (6) 3342 (6) 8845 (9) 37(2) C (2) 684 (6) 4205 (6) 8329 (9) 39(2) C (3) 115 (7) 4493 (7) 7065(10) 45(2) C (4) -613 (7) 3942 (8) 6316 (11) 55(3) C (5) -800 (7) 3093 (8) 6864 (11) 53(3) C (6) -273 (6) 2818 (6) 8101 (9) 42(2) C (7) 1387 (6) 1730 (6) 10267 (9) 38(2) C (8) 1915 (6) 1462 (6) 9348 (9) 37(2) C (9) 2906 (6) 1739 (5) 9816 (9) 35(2) C (10) 4296 (6) 3008 (6) 9716 (9) 39(2) C (11) 4773 (7) 2346 (7) 9041(11) 51(2) C (12) 1166 (7) 5517 (6) 9875 (10) 43(2) C (13) 1959 (6) 6128 (5) 10714(10) 39(2) C (14) 2501 (7) 5732 (6) 12066(10) 46(2) C (15) 4199 (6) 5275 (7) 11834 (9) 43 (2) 
